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Abstract

Paget’s disease of bone (PDB) is a common, late-onset bone disorder characterized by focal increase of bone
turnover. Mutations in the SOSTM1 gene are found in up to 40% of patients and recent GWAS have led to novel
associations with several loci. RIN3, the candidate gene located at the associated 14q32 locus, has recently been
studied in a British cohort to elucidate its contribution to the pathogenesis. In this study we performed a genetic
screening of R/N3 in an unrelated cohort to validate these findings and to further explore genetic variation in this
gene in the context of PDB. In our screening, we examined the 5° untranslated region (UTR), the exonic regions
and the intron-exon boundaries of the gene in a control cohort and a patient cohort. Our findings show clustering
of variation similar to the British cohort and support a protective role for common genetic variation (rs117068593,
p-R279C) in the proline-rich region and a functionally relevant role for rare genetic variation in the domains that
mediate binding and activation of its interaction partner, Rab5. Additive regression models, fitted for the common
variants, validated the association of the rs117068593 variant with the disease (OR"*:0.315; OR"::0.562). In
addition, our analyses revealed a potentially modifying effect of this variant on the age of onset of the disease. In
conclusion, our findings support the involvement of genetic variation in RIN3 in PDB and suggest a role for RIN3

as a potential modifier of the age of onset of the disease.
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1. Introduction

Paget’s disease of bone (PDB) is the second most prevalent bone disorder and is characterized by late onset
development of focal lesions affecting one or several bones of the skeleton. These characteristic lesions arise due
to osteoclastic hyperactivity, giving an initial osteolytic appearance on imaging. This resorptive phase is then
followed by accelerated but disorganized bone formation. The aberrantly formed tissue is structurally inferior and
susceptible to fracture and deformity, and lies at the basis of a wide range of complications. The presence of a
positive family history in 5-40% of cases and a strong geographical component to its prevalence suggests an
important role for genetic factors in the pathogenesis of PDB [1]. This hypothesis was confirmed with the
identification of domain-specific mutations in the sequestosome 1 (SOSTM1I) gene [2,3]. These mutations are
found in up to 40% of patients with a clear familial background, indicating that a significant fraction of the
heritability remains unexplained [1]. In an effort to untangle the underlying genetic architecture genome wide
association studies (GW AS) have been performed, resulting in the association of several new loci with the disease
[4,5]. RIN3, found at the associated 14932 locus, encodes for the Ras and Rab Interactor 3 (RIN3) protein. The
protein has a highly similar organization compared to other members of the RIN family of proteins. Starting from
the N-terminus, the Src Homology 2 (SH2) domain, followed by a Proline-rich region (PRR), the RIN homology
(RH) domain, the vacuolar protein sorting 9 (VPS9) domain and finally the Ub-like Ras association (RA) domain
can be distinguished (Figure 1) [6]. RIN3 has been identified as a guanine nucleotide exchange factor (GEF) and
catalyzes the transition from the inactive GDP-bound state to the active GTP-bound conformation for a number of
small GTPases (Rab5, Rabex, and Rab31) of the Rab5 subfamily [6,7]. These proteins play a central role in the
regulation of intracellular membrane trafficking between distinct organelles by organizing a membrane domain
through the recruitment of the effector proteins required for initiation of the transport process [8]. Rab5 coordinates
the budding of clathrin-coated vesicles at the plasma membrane, facilitates transport of these vesicles to the early
endosomes and enables homotypic fusion of these endosomes [9,10]. It is therefore considered a key regulator of
endocytosis [11]. In vitro experiments provided preliminary evidence for a regulatory role for RIN3 in the early
steps of this endocytic process and the specific functions carried out by RIN3’s distinct domains. Furthermore,
these studies have demonstrated that deletions and missense variants within the abovementioned domains of RIN3
and other GEFs have the potential to affect nucleotide exchange for the small GTPases and cytoplasmic
localization upon activation [6,7,12]. Hence, genetic variation in R/IN3 may alter the regulation of the endocytic

and transcytotic pathways in the osteoclast.



The precise function of RIN3 in bone biology is — so far- unknown, but its role as a potential modulator of the
osteoclastic intracellular trafficking pathway makes RIN3 an interesting subject for further studies. Recently,
Vallet et al. undertook a first step towards unraveling the role of this gene in PDB pathobiology [13]. In their
study, they identified a risk haplotype marked by the rs117068593C allele and a potentially functional variant
(p-Y793H) in the VPS9 domain of the protein, which is quintessential in conferring RIN3’s GEF activity. Based
on these arguments, they propose that RIN3 is the candidate gene for PDB at the 14q32 locus [13]. In our work,
we aimed to perform a replication study in an independent population to confirm their findings and looked to

further explore genetic variation in the RIN3 gene that potentially contributes to the Pagetic phenotype.

2. Material and methods

2.1. Study population
Our genetic analyses were performed on DNA extracted from whole blood from 190 patients and 165 controls
negative for causative mutations in the SOSTM1 gene. Patients were diagnosed were based on total alkaline
phosphatase levels and radiological or scintigraphic examinations. The control cohort consists of individuals that
have no history of bone disease or non-traumatic fractures. All individuals included in this study are of Belgian
ancestry and were screened for SOSTM -mutations simultaneous to our screening for genetic variation in the RIN3
gene to exclude false negatives. One patient was found positive for the p.P392L mutation in SQSTMI1 and was

excluded from further analyses. The basic characteristics of our control and patient cohorts can be found in table

1.

2.2, Targeted sequencing and Sanger validation.

Targeted enrichment of RIN3 was performed using the molecular inversion probe (MIP) technology. Using the
previously described MIPGEN pipeline, we designed probes for the 5° untranslated region (5° UTR), coding region
and the splice regions of RIN3 [14]. After MIP capture, enrichment, and indexing for the individual samples based
on the protocol previously described by O’Roak et al. [15-17], the samples were pooled. The pools were diluted
to 1.7pM prior to sequencing on the Illumina NextSeq 500 Next Generation Sequencing platform using the 2 x

75bp Mid-output flow cell (Illumina, San Diego, California, USA).

As a positive control, our gene panel also included MIPs for enrichment of the SOSTM1 gene. The VCF files were
generated using an in-house available pipeline. In summary, data analysis consisted of mapping the read-pairs to
the human reference genome (hgl9) using BWA v0.7.4, after which overlapping fragments within the read-pair

were trimmed. Variants were called using multi-sample variant calling with the Unified Genotyper tool (GATK



v3.5.0). Using the resulting VCF files, variant filtering and annotation was carried out using VariantDB [18]. A
prediction of the functional effect of the variants was made using several in silico prediction tools, including the
Combined Annotation Dependent Depletion (CADD) tool v1.3 and REVEL (rare exome variant ensemble learner).
The CADD scoring system results in a Phred-like scaled prediction score, which estimates the deleteriousness
compared to all genetic variation. A CADD-score of 20 indicates that the variant is predicted to be in the top 1%
most deleterious variants, a CADD-score of 30 representing the top 0.1% [19]. The REVEL tool uses a
combination of 13 prediction programs to estimate the pathogenicity of a variant. The REVEL predictions yield a
score between 0 and | and the higher scoring variants are more likely to be pathogenic [20].

The resulting variants were also confirmed using PCR amplification followed by enzymatic clean-up and Sanger
sequencing. The primers for PCR amplification were designed using Primer3 (http://bioinfo.ut.ee/primer3/) based
on the template sequence (accession code: NM_024832) The amplicons were amplified using the GoTaq® G2
DNA Polymerase (Promega Corporation, Madison, WI) and amplification of the PCR product was verified by
agarose gel electrophoresis. Removal of unincorporated dNTPs and primers was performed by incubation in the
presence of Exonuclease I (New England Biolabs, Inc., Ipswich, Massachusetts, USA) and Calf Intestinal Alkaline
Phosphatase (CIAP, Roche Applied Science, Hoffmann-La Roche AG, Basel, Switzerland). Sanger sequencing
was performed using the ABI Prism BigDye terminator cycle sequencing ready reaction kit (Applied Biosystems,
Foster City, California, USA) using the same primers used for PCR amplification. Using the BigDye XTerminator
purification kit we removed unincorporated BigDye terminators, prior to sequence determination using the ABI
310 Genetic Analyzer (Applied Biosystems, Foster City, California, USA). Upon coverage analysis, the first
1000bp of exon 6 of RIN3 weren’t covered properly in our NGS approach. Therefore, this region was also

sequenced using the traditional Sanger sequencing-based workflow.

2.3. Statistical Analyses

Statistical analyses reported in this study have been performed in the computing environment R version 3.4.2..
Logistic regression models have been fitted to test for a significant association of alternate alleles with either
disease state or the extent of disease as defined by the presence of Pagetic lesions in one (monostotic) or multiple
(polyostotic) bones of the patients’ skeletons. To test for an association between the genotype and the number of
affected bones, quasi-Poisson regression models were fitted. Linear regression models were fitted to analyze
potential effects of alternative allele dosage on patients’ age of onset. The SNP genotype was entered as
independent variable and sampling age was entered as covariate. To test the significance of the association between

the genotype and the different outcome variables, a likelihood ratio test was carried out, comparing the model



described above to a null model only containing the sampling age. A linkage disequilibrium (LD)-plot (data not
shown) was generated based on the genotyping data of our sequencing effort in European control and PDB cohorts
using the HaploView software (Broad Institute, MA, USA). We observed substantial LD (r>=0.79) between two
SNPs that were commonly observed in our cohorts. To obtain a valid p-value that accounts for multiple testing of
6 variants in the presence of LD, we generated the empirical null distribution of the most significant p-value among
the 6 SNPs tested here. We ran 10,000 Monte Carlo simulations, in each of which the outcome variable (disease
status and age of onset respectively) was randomly permuted. Subsequently, the phenotype was regressed on the
genotype for each separate SNP (using the same regression model as the true data), and the most significant of the
6 p-values was saved. The 10,000 p-values collected through these Monte Carlo simulations represent the
distribution of the most significant p-value under the null hypothesis. We calculated the fraction of the p-values
generated under the null hypothesis that was equal to or smaller than the observed minimal p-value obtained in the
association tests between the real (unpermuted) phenotype and the 6 SNPs. This fraction represents the empirical

p-value, which indicates a significant association accounting for multiple testing if this p-value is lower than 0.05

3. Results

When screening our cohorts for genetic variation occurring in the UTR, the coding sequence and the splice
boundaries of RIN3, we identified 22 distinct variants. Of these, 12 were missense variants, 7 were synonymous
variants, and 3 variants were located in the UTR’s. Based on the combined results of the prediction tools used for
our variants, we identified 6 rare variants that were predicted to be deleterious and that were found exclusively in

one of the two cohorts (Table 2).

Among these, 2 rare variants (p.P16L and p.W63C) are located in the N-terminal region of RIN3 and are found in
3 control individuals (Figure 1). Of special interest is the p.W63C (rs150221413) variant in the SH2 domain, which
is predicted to be deleterious by all prediction tools that were used (Table 2). The integrative prediction tool CADD
ranks this variant as belonging to the top 0.43% most damaging variants with a CADD score of 23.60. A second
integrative prediction tool, REVEL, which is focused on missense variation also marks this variant as a potentially
functional variant with a score of 0.52. A second series of rare variants (p.K689R, p.Y793H, p.K838T and
p-R859C) were exclusively found in a total of 5 patients. Contrary to the N-terminal variants in the control cohort,
these four variants reside in the C-terminal RH and VPS9 domains that govern the binding of the Rab5 GTPase

and catalysis of the GTP nucleotide exchange, respectively (Figure 1). CADD ranks these as belonging to the top



0,18%-0.03% most deleterious variants (Table 2). Elevated scores predicted by REVEL supports their potential

for a functional effect.

Similar to the findings reported by Vallet et al., we identified a cluster of common variation occurring in the PRR
of RIN3 [13]. Interestingly, one of these common variants (rs117068593; p.R279C), is also predicted to be
deleterious by most prediction tools used in our study indicating that the variant may have a functional effect [13].
Also, in the additive regression models that we fitted for the 6 common variants that we identified, this variant was
the only common variant to show statistically significant differences (Table 3). The allele frequencies differed
significantly (p=0.010) between patients and our control population, and within our patients we observed an
association (p=0.014) of the alternative allele with the age of discase onset. This association between allele
frequency and disease status remained significant after an empirical correction for multiple testing accounting for
presence of LD, using 10,000 Monte-Carlo simulations (p=0.048). The association between allele frequency and
age of disease onset, which was nominally significant without correction, still showed a trend towards significance

after the empirical multiple testing correction (p=0.067) (Table 3.).

4. Discussion

Recent GWAS into the genetic architecture of Paget’s disease of bone resulted in the identification of a number of
new candidate genes, including RIN3 [4,5]. To date the precise function of RIN3 in bone biology and homeostasis
is unknown, but its association with lower and upper limb bone mineral density (BMD) suggests a significant role
for RIN3 in the regulation of bone mass development and maintenance of skeletal health [21]. This hypothesis is
supported by the involvement of RIN3 as a GEF in modulating the activity of members of the Rab family of small
GTPases. Longstanding evidence shows the importance of these GTPases in the intracellular transport pathway
[11], and their involvement in regulating osteoclast maturation and activity [22,23]. However, a more profound
understanding of the function of many Rabs and their GEFs is still lacking, especially in the osteoclast. Similar to
SOSTM1, variation in RIN3 has also been reported to be associated with neurodegenerative disease [24,25]. The
common basis in these associations can be found in the regulation of autophagic processes, in which targeting of
vesicles between two cellular compartments by Rab proteins plays an important role [26,27]. In 2015, a study by
Vallet et al. was the first to explore the contribution of genetic variation in the RIN3 gene in the pathogenesis of
PDB [13]. Our study was aimed at validating their findings and further expanding the repertoire of variation in
RIN3 in the context of PDB, resulting in the identification of 22 variants (Figure 1). Of these variants, 3 were found

outside of the coding sequence in the UTRs. As described earlier, we identified several regions in the protein in



which potentially interesting variation occurs. It is to be noted that our study is limited to in silico predictions,

further functional evaluation of these variants would be of interest.

In the N-terminal SH2 domain, we identified the p.W63C substitution in 2 control individuals. These individuals,
and the control population at large, have no history of skeletal disease or non-traumatic fracture. The substitution
involves a highly conserved nucleotide, resulting in the change of an aromatic tryptophan residue to a cysteine
residue which is scored as the most evolutionary distant by the Grantham method [28]. Previous studies
demonstrated that loss of function in the SH2 domain has clear effects on GEF activity of RIN3 [7]. This supports
the idea that a deleterious variant in this domain could affect the endocytic pathway. Secondly, SH2 domains are
protein interaction sites that typically bind phosphotyrosine-containing proteins, including phosphorylated tyrosine
receptor kinases as is the case for RIN1 [29]. Altered interaction patterns could also affect the function of RIN3.
Altered transport dynamics in the osteoclast could have a protective effect in the two control individuals who
carried the variant. As a potentially functional variant in the RIN3 SH2 domain was described in one of the patients
in the British population [13], further research would be of interest to explore this duality. Both effects on RIN3

protein structure or changes in protein-protein interactions with the SH2 domain could be implicated.

A second series of rare variants (p.K689R, p.Y793H, p.K838T and p.R859C) were exclusively found in patients.
There is no indication that the individuals carrying these variants have a more severe phenotype, with a limited
amount of bones affected and an average age of onset, except for the patients carrying the p.K838T and p.R859C
variants that have an age of onset of 57 and 48 years, which are lower than the average age of onset observed in
our cohort. Based on protein structure and homology models described in literature and SWISS-MODEL protein
structure homology-modelling [30], the p.K689R variant is predicted to be located in the vicinity of the end of the
aHB4 helix of the helical bundle of the RH domain. Deletion of this homologous region in a splice variant of RIN1
prevents its binding with Rab5 [31,32]. The p.Y793H, p.K838T and p.R859C variants are predicted to be located
in the aV4, aV6 and aC helices of the VPS9 domain. The structural characterization of this evolutionarily
conserved VPS9 domain in Rabex-5, a second GEF for Rab5, demonstrated the importance of the V4 and aV6
helices in the interaction with Rab5 and of the aC helix in soluble expression of the protein [31]. Vallet et al.
suggest that one of the rare variants we also identified in our patient cohort, p.Y793H, affects the structural stability
of the protein [13]. Altered catalytic activity, soluble expression, and structural stability could all contribute to

disruption of the Rab-cycle.



Besides these rare variants, a third cluster of common variants was found in exon 6 that primarily affects the
intrinsically disordered Pro-rich region of the protein (Figure 1) [33]. This observation shows marked similarity to
the variant distribution in the work reported by Vallet ez al.. Of specific interest in this cluster is the p.R279C
(rs117068593) substitution. The alternate allele occurs in a significantly higher rate in the control cohort as
compared to our PDB cohort, decreasing the risk for PDB (OR"*:0.315; OR":0.562), and suggesting a protective
effect for this common variant. This protective effect is also evident within the patient cohort, where our statistical
analyses indicate a potential modifying effect of this variant on the age of onset, increasing the age of onset by
5.336 years per alternative allele that the patient carries (Table 3). In the British cohort, this variant was highly
significantly associated with disease state and through haplotype analysis Vallet et al. reported the presence of a
risk haplotype (rs10498635C-rs117068593C) on which 96% of all rare variants occurred, and it was suggested
that the risk allele acts as a marker for rare variants [13]. We successfully replicated the previously reported
association and expanded on their findings by demonstrating a modifying effect on the age of onset of the
phenotype. In addition to these associations, our in silico prediction tools also show similar results and suggest a
potential functional effect of this variant [13]. The intrinsically disordered PRR is involved in interactions with
other proteins (e.g. amphiphysin IT) [6]. Transition of disorder to order in intrinsically disordered regions can affect
protein functionality, but in the literature only a subtle shift towards increased order of the PRR has been reported
for this variant [34,13]. Whether the p.R279C variant itself underlies the protective effect observed in both
independent populations and the phenotype-modifying effect we observe in our patient cohort, or whether variation
occurring on the haplotype contributes collectively towards the reported effects is currently unknown.

In conclusion, our findings support the involvement of genetic variation in RIN3 in PDB and suggest a role for
RIN3 as a potential modifier of the age of onset of the disease.
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Tables

Table 1 Characteristics of cohorts included for analysis. The table details the number of individuals in our cohorts and
their mean age and standard deviations. The mean age of onset and the proportion of polyostotic disease is shown for our
patient cohort. N.A. Not applicable

Controls Patients
Male Female Male Female

A Individuals 86 79 95 94
£e 68.64+5.338 | 70.70+5.369 | 72.84+11.22 | 74.2049.152

Individuals 72 73
Age of onset NA. NA 16025411853 | 63.92513217

.| Individuals 82 83
Polyostotic N.A. N.A. 55 (67.1%) 26 (55.4%)
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Table 2 Variants observed in the RIN3 gene in our Belgian control and patient cohorts. Minor allele frequencies (MAF) were looked up in the gnomAD database (5/12/2017).
Abbreviations: not applicable (N.A.); benign (B); tolerated (T); possibly deleterious (PD); deleterious (D) [28,35-38,19,20]

NM 024832.3 Individuals MAF EU
Nucleotide Controls (N=165) | Patients (N=189) Non- MAF
Position Identifier | Amino acid change | change | CADD score | Grantham | Polyphen | SIFT | GERP |REVEL| +/- +/+ +/- +/+ Finnish All
chr14:92980189 | rs547747275 5'UTR c.-88C>A 8.75 N.A. N.A. N.A. -4.43 | NA. 0 1 0 0.67% 0.53%
chr14:92980256 | rs368389701 5'UTR c.-21C>A 11.55 N.A. N.A. N.A. -1.56 | N.A. 0 0 1 0 0.26% 0.26%
chr14:93022098 p.P16L c.C47T 21.50 98 B (0.01) | D(0.01)] 3.24 0,05 1 0 0 0.004% | 0.002%
chr14:93022240 | rs150221413 p-We63C c.G189T 23.60 215 PD (1.00)] D (0) 5.51 0,52 2 0 0 0.12% 0.08%
chr14:93107590 | rs34101393 p.L150L c.C448T 14.94 N.A. N.A. N.A. 4.01 N.A. 19 2 26 3 6.62% 5.81%
chr14:93118038 | rs3829947 p.H215R c.A644G 4.00 29 B (0) T(0.43) ] -5.52 0,02 76 55 100 54 56.18% | 48.47%
chr14:93118198 | rs3814830 p.-A268A ¢.C804T 9.59 N.A. N.A. N.A. 34 N.A. 34 6 47 2 15.28% | 20.82%
chr14:93118229 | rs117068593 p-R279C c.C835T 23.90 180 PD (0.93)] T (0.07) | 3.65 0,12 44 36 2 17.83% | 13.15%
chr14:93118369 | rs770038852 p.H325H c.T1127C 1.46 N.A. N.A. N.A. -6.31 N.A. 1 1 0 0.0009% | 0.0013%
chr14:93118668 | rs3742717 p.T425M c.C1274T 5.73 81 B (0.01) | T(0.27)]-0.538 | 0,07 39 7 49 3 17.56% | 23.54%
chr14:93118669 | rs3742716 p.T425T c.GI275A 8.66 N.A. N.A. N.A. 0923 | NA. 70 17 99 20 32.07% | 31.34%
chrl14:93118674 | rs74074811 p-R427Q c.G1280A 0.002 43 B (0.01) | T(0.87)] -6.79 | 0,011 0 0 1 0 0.08% 2.25%
chr14:93118790 | rs139248637 p.J466L c.A1396C 1.79 5 B (0.01) | T(0.74)] -3.16 | 0,045 1 0 1 0 0.37% 0.36%
chr14:93119232 | rs12434929 p.G613A c.G1838C 2.80 60 B (0.00) | T(0.85)] 1.27 | 0,043 2 0 5 0 0.80% 1.79%
chr14:93119407 | rs3818321 p-S671S c.C2013T 11.61 N.A. N.A. N.A. 9.17 | NA. 4 0 3 1 1.70% 7.39%
chr14:93125545 p.K689R c.A2066G 27.80 26 PD (0.99)] D (0) 584 | 0319 0 0 1 0 0% 0.0004%
chr14:93142861 | rs147042536 p-Y793H ¢.T2377C 27.30 83 PD (0.99)] D (0) 4.66 | 0,576 0 0 2 0 0.70% 0.40%
chr14:93151377 | rs746397902 p.K838T c.A2513C 27.70 78 PD (0.99)] D (0) 393 | 0,389 0 0 1 0 0.004% | 0.002%
chr14:93151439 | rs751226648 p-R859C c.C2575T 35.00 180 PD (1.00)] D (0) 5.08 | 0,540 0 0 1 0 0% 0.005%
chr14:93154537 p.G966G c.T2898C 3.43 N.A. N.A. N.A. 0 N.A. 1 0 0 0 0% 0.0005%
chr14:93154540 | rs71461983 p.G967G c.C2901T 16.90 N.A. N.A. N.A. 0 N.A. 4 0 5 0 1.89% 1.65%
chr14:93154608 | rs769146691 3'UTR c*11G>A 6.37 N.A. N.A. N.A. -2.56 | N.A. 1 0 0 0 0.013% | 0.006%
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Table 3 Results of regression analyses for variants commonly occurring in our control and patient cohorts. Effect sizes, standard errors and p-values for our additive regression models are

given. Nominally significant results are shown in bold. Associations withstanding the empirical multiple testing correction are marked by an asterisk. (MAF: minor allele frequency)

Amino acid MAF (%) Number of

Identifier change Controls | Patients Disease state Polyostotic disease affected bones Age of onset
rs34101393 p.L150L 6.97% 8.47% 0.20£0.28 (p=0.464) | 0.53£0.41 (p=0.198) | 0.25+0.19 (p=0.202) | 1.65+2.35 (p=0.483)
1rs3829947 p-H215R 56.36% | 55.03% | -0.05+0.16 (p=0.755) | 0.16+0.26 (p=0.530) | 0.08+0.13 (p=0.541) | -2.00+1.62 (p=0.217)

rs3814830 p.-A268A 13.94% | 13.49% | -0.06+0.22 (p=0.790) | 0.26+0.38 (p=0.503) | -0.05+ 0.18 (p=0.762) | 2.74+2.25 (p=0.225)
rs117068593| p.R279C 17.58% | 10.58% | -0.58+0.23 (p=0.010)* | 0.20+0.38 (p=0.605) | -0.30+ 0.19 (p=0.106) | 5.62+2.27 (p=0.014)

rs3742717 p-T425M 16.06% | 14.55% | -0.13+0.21 (p=0.533) | 0.30+0.38 (p=0.431) | -0.07+0.17 (p=0.671) | 3.46+2.26 (p=0.128)

rs3742716 p.-T425T 31.52% | 36.77% | 0.23+0.17 (p=0.167) | -0.45+0.28 (p=0.108) | -0.07+ 0.14 (p=0.602) | 1.29+1.74 (p=0.459)
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Figure

Fig.1 Representation of variation occurring in RIN3. Protein domains are marked by rectangles, the smaller rectangle
represents the Pro-rich region. Variation commonly occurring in the RIN3 protein are marked above the domain structure, rare
variants are given below it. Variants predicted to be deleterious are shown in bold, the potentially disease-modifying
rs117068593 variant is marked with an asterisk. Domain structure based on the work of Kajiho ez al. [39].
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